Abstract: Specimens of invasive topmouth gudgeon, Pseudorasbora parva, from Šúr Pond (Bratislava, Slovakia) were examined to assess age and growth, and to determine whether this recently-established invasive population employs a less specialized ontogenetic trajectory than the specialized form typical of native and/or long-time established populations. Samples were collected in October 2004 (n=143). Standard length (SL) ranged from 18.16 mm to 67.57 mm (mean 32.56 mm), and eviscerated body weight ranged from 0.10 to 5.02 g (mean 0.63 g). Scale caudal diameter ranged from 0.52 to 2.42 mm (mean 1.08 mm). SL at which the scales started to form was estimated to be 1.58 mm. The population was represented with 5 age groups, from 0+ to 4+. Relative to other populations for which comparable data are available the recently-established population of topmouth gudgeon was found to mature at smaller size and at a younger age compared to native and/or long-time established populations (all specimens bigger than 25.0 mm SL, and 94% of specimens from the age group I were already mature).
Introduction
Topmouth gudgeon Pseudorasbora parva (Temminck & Schlegel, 1842) is a highly invasive species in Europe. It was introduced accidentally from Southeast Asia together with other fish larvae (e.g. grasscarp Ctenopharyngodon idella, Valenciennes), which arrived in Romania in 1961 and 1962 [1] . Since that time, topmouth gudgeon has spread throughout most of Europe both through fish consignments and by natural dispersal via various water courses [2] [3] [4] .
Successful invaders are believed to have some typical attributes that make them more successful than their natural counterparts. These include tolerance to a wide range of environmental characteristics, broad diet, aggressive behaviour and/or protracted spawning season, or some other type of environmental plasticity [5] . Based on morphometric analysis of external morphology, within an ontogenetic context, topmouth gudgeon is considered to be a species with great morphological variability, which can be expressed not only in the formation of different adult phenotypes but also in the manner by which phenotypes are achieved [6] . Topmouth gudgeon in Šúr Pond (Slovakia) reach reproductive maturity at a smaller size compared to all native populations [7] and absolute fecundity of female topmouth gudgeon was found to be higher than absolute fecundity of females from both native and other non-native populations [8] . This may explain the rapid expansion of populations of introduced topmouth gudgeon that typically dominate and/or replace other cyprinids [7] .
Biological flexibility is considered to be a function of epigenetic mechanisms that are associated with the capacity of a species to generate alternative ontogenies [9] . In short, epigenesis, the mechanism of ontogenies, creates in every generation alternative variations that enable the organism to survive in changing environments as either altricial (generalized) or precocial (specialised) forms. As a result, the life history of each population and/or species can vary from generation to generation along a continuum between the most generalized and the most specialized extremes [9, 10] . This pattern has been documented in some other invasive species such as bighead goby and/or round goby [10] .
The aim of the present study was to examine the postulate that recently-established populations, in this case of topmouth gudgeon, employ a less specialized (altricial) trajectory than the specialized (precocial) trajectory typical of native and/or long-time established populations. A specific objective was to examine the age and growth patterns in an invasive population of topmouth gudgeon from Šúr Pond (Slovakia). If the population examined grows slower (as the fish re-direct allocation of resources to reproduction rather than to somatic growth) and matures earlier than a native (and/or long-time established) population, then the postulate that topmouth gudgeon are less specialized is supported.
Experimental Procedures

Study area, material and methods
Specimens of topmouth gudgeon (n=143) were collected by electrofishing from Šúr Pond (Bratislava, Slovakia: 48°14´09´´ N. 17°16´52´´ E) in October 2004. This pond serves mainly as a nursery reservoir for common carp (Cyprinus carpio, Linnaeus), and its fishery management is based on annual cycles, which means that the pond is normally emptied and refilled once a year. This manipulation causes heavy disturbance to the local ecosystem, but topmouth gudgeon seem to cope with these conditions, rapidly recolonising after such disturbances through individuals that take refuge in a small outflow channel. Every year, new stocks of 0+ common carp and/or other fish species arrive into the pond which is likely already to be contaminated by topmouth gudgeon. Although topmouth gudgeon were introduced in the 1960's, the population of topmouth gudgeon from Šúr Pond is considered newly-established for the purposes of the present study.
Standard length (SL) was measured to the nearest 0.01 mm using digital photographs and the software Impor 2.31E. Weight was determined on eviscerated specimens to avoid bias due to unequal stomach contents and was measured to the nearest 1 mg, using a RADWAG balance WPS 360/C/2. Sex determination was performed by visual examination of gonads taken from dissected specimens. It was also possible to sex individuals collected during the post-spawning period due to their residual eggs. Three to six intact, welldeveloped scales were removed from between the lateral line and dorsal fin of each specimen. Scales were cleaned and compressed between two glass slides for age determination by counting the number of completely developed annual rings. Both the scale caudal diameter and annual increments were measured using photographs from a Leica MZ 95 stereomicroscope and Motic Images Plus 2.0 software.
Growth in previous years was determined by back calculation from scale measurements following the R. Lee method [11] . The casual relationship of independent variable SL and dependent variables (scale caudal diameter and eviscerated body weight) was examined through ordinary linear regression modelling. For the mathematical description of growth patterns in topmouth gudgeon, two growth models were applied using back-calculated SL: the von Bertalanffy growth model (VBGM, [12] ) and a smoothing cubic B-spline model (CS, [13, 14] ). The CS model is a method of smoothing (fitting a smooth curve to a set of noisy observations) using a CS function that appears to be an optimal estimator for smooth functions [14] . The VBGM is a nonlinear ordinary least square (OLS) regression model which was calculated according to the equation SL t =max(SL n )(1-e k(t -t 0 ) ) + ε, where SL t is the theoretical SL (in mm; estimated SL) at age t; max(SL n ) is the maximum back-calculated length; k is the growth rate and t 0 is the theoretical age (in years) at length zero. The curves were fitted using R software [15] . Mean age at maturity was calculated from the percentage of mature females and males in each size-class using the formula of DeMaster [16] as adapted by Fox [17] :
where α is the mean age of maturity, x is the age in years, ƒ(x) is the proportion of fish mature at age x, and w is the maximum age in the sample. A modified version of this formula, using 3 mm interval of SL instead of age-classes [18] , was used to calculate mean SL at maturity. 
Results
The SL of 143 specimens ranged from 18.16 mm to 67.57 mm. A total of 96 specimens were found to be females, 33 were males and 14 were juveniles (i.e. sex could not be determined). Eviscerated body weight ranged from 0.10 to 5.02 g (mean 0.63 g) and it was significantly (r 2 =0.911; P=0.01) related to SL (y=0.002x 2 -0.0751x + 0.9145). Scale caudal radius ranged from 0.52 to 2.42 mm (mean 1.08 mm). There was a strong relationship between SL and scale caudal radius (r 2 =0.846; P=0.05), and the relationship was linear (y=0.035x -0.0553). The SL at which scales started to form was estimated to be 1.58 mm.
The topmouth gudgeon population in Šúr Pond consisted of 5 age classes, from 0+ to 4+ (Table 1) . Using back calculated SL, there was no significant difference between males and females throughout their growth, except for in age group IV. However, the difference at age group IV may have been due to low sample size as only one female and one male of this age were available ( Table 2 ). The SL-at-age data (in mm) for ages 1, 2, 3 and 4 expressed using smoothing cubic B-spline growth model were 21 (Figure 1) . The SL-at-age data for ages 1, 2, 3 and 4 expressed using von Bertalanffy growth model ( Figure 1 Thus, both models (von Bertalanffy and smoothing cubic B-spline) appear to provide an almost identical description of the growth patterns in this topmouth gudgeon population. The only difference was observed in the fourth year of life and may have been due to small sample numbersone male and one female. This reduces the amount of uncertainty usually associated with the reconstruction of growth patterns in fishes using back-calculations.
As predicted by our postulate, females of topmouth gudgeon in Šúr Pond were found to mature very early. Some females even matured in their first year of life, after the first winter but before the first annulus was laid down. The mean age at maturity was 0.9 years in females and 1.1 years in males (Table 3 ). All specimens bigger than 25.0 mm SL [8] , and 94% percent of specimens from age group I were already mature.
Discussion
In the River Amur, which is the native area of topmouth gudgeon, individuals have been reported to mature in their second year of life, and to reach a considerably bigger size-at-age compared to the invasive population from Šúr Pond [19; see also Table 3 ]. Larger sized individuals and later maturation was observed in topmouth gudgeon from other areas of distribution, both native and non-native (Table 3 ). The population of topmouth gudgeon that repeatedly recolonises Šúr Pond appears to be employing an altricial life-history trajectory rather than the precocial trajectory of longer established populations. Similar results were found in a recent study of two non-native populations from Northwest England [7] . In that study, Table 3 . Life history traits of topmouth gudgeon from native and non-native areas of distribution; M = males, F = females.
individuals from a recently-established population were maturing significantly earlier (generally in their first year of life), and females were more fecund at a given length and age than those from a population established for more than 5 years [7] . A recently-established topmouth gudgeon in Northwest England grew faster than those longer established, which resembles patterns observed in other invasive fishes (i.e. increased juvenile growth and early maturation), such as pumpkinseed [20] . Britton et al. [7] concluded that all these traits were advantageous in maximising early life reproduction in a new population, facilitating colonisation and establishment, a process already completed in the highdensity population. Strong variability in age and growth at maturation appears to be typical of topmouth gudgeon. Such a flexible growth pattern associated with life-history plasticity, as well as ontogenetic plasticity [6] , provides a mechanism for an adaptive response to novel environments which, in the case of increased growth rate, is a decrease in age and size at maturity. The latter can lead to the presence of sexually mature fish at sizes that are unusually small or large for the species [21] .
